A key question in the field of neurogenesis, stress and depression has been whether a reduction in neurogenesis per se can produce a 'depressed' animal. 1--4 Recently, Snyder et al. 5 convincingly demonstrated that new hippocampal neurons are necessary for an efficient recovery of hypothalamic--pituitary--adrenal (HPA) axis activity after stress. They next proposed a feed-forward loop by which stress, via inhibition of neurogenesis, could over time, lead to hypercortisolemia and eventually depressive behavior. Although we applaud their results, we consider it too early to conclude that neurogenesis controls the stress response; nor do they, in our view, support a causal role for neurogenesis in depression.
THE LINK BETWEEN NEUROGENESIS AND STRESS
First, from the authors' concept, it would follow that already a single episode of stress could trigger a feed-forward cascade, eventually resulting in depressive behavior. This is unlikely, as one generally does not become depressed after a single---even severe---stressor. Moreover, severe social stress was found to trigger a strong stress response and to reduce neurogenesis for several months. 6 Yet, after this period, corticosterone levels had normalized completely, indicating that lasting reductions in neurogenesis can occur without changes in stress hormone levels.
Similarly, exposure to stress does not cause aberrant HPA activity or depression. Rather, its effects depend on the nature of the stressor, its timing, the genetic background and early life history; 7 recent studies have, for example, demonstrated that if chronic stress is predictable, or if coping is possible, this can even stimulate neurogenesis. 8, 9 Another unresolved issue is how changes in neurogenesis could regulate HPA axis activity. Newborn neurons are found in a small portion of the subgranular zone that forms only a small part of the dentate gyrus. 10 Moreover, new neurons are rare in adult individuals and outnumbered by far by the mature hippocampal cells. Therefore, the contribution of the newborn cells to HPA feedback is likely small. Hence, putative changes in the already present, mature cells could be much more important and it may be these cells that alter HPA feedback sensitivity after stress. Indeed, dexamethasone administered to nonstressed control mice changed neuronal activity throughout the entire DG granule cell layer (GCL), with only a very small proportion of these cells being new neurons (o1%). 3, 11 Should neurogenesis be critical for shutting down the HPA response after stress, then the newborn cells likely express glucocorticoid receptors (GRs). 12, 13 Yet, as GR is abundant in the hippocampus, the subregion where the new neurons are located, does not express high GR levels. 10, 13 Furthermore, of the few newborn DG neurons, only a subset survives and only later in time do these cells start to express GR. 13 Hence, the integration and any functional contribution of the new neurons to HPA activity are thus expected to follow, and not precede, stress effects in time.
RELEVANCE FOR THE HUMAN BRAIN
It has been proposed that the hippocampal atrophy in depression is due to lasting reductions in neurogenesis following chronic HPA activation.
14 Yet, the evidence is weak; first, hippocampal volume reductions are not depression-specific and also occur in other disorders. Second, it remains unclear whether hippocampal atrophy is due to changes in the GCL or CA subregions, or whether general reductions in dendritic extent, glia or water content are involved.
14 At least, neuronal loss does not seem to be involved. 15 Third, hippocampal volume changes do not necessarily correlate with changes in HPA activity, and for example in PTSD, HPA feedback supersensitivity is paralleled by hippocampal atrophy. 7, 14 Along the same lines, an increased HPA activity is not depression-specific and similar changes have been reported in aging, alcoholism and Cushing's disease. Moreover, depression itself is not hippocampal-specific and many brain regions, like the prefrontal cortex, amygdala and nucleus accumbens, are altered, 15, 16 notably regions where neurogenesis is absent. In terms of effect size, Snyder et al. 5 induce a nearly complete ablation of newborn cells (their Figure 1) , a situation unlikely to reflect physiological conditions because, at least in rodents, reductions in neurogenesis after stress are relatively mild (30--40%). 10 Proliferating cells in the human hippocampus are furthermore rare and decrease with age. In major depression, reductions in cytogenesis were found, 17 whereas antidepressants stimulate proliferation, 18 but their relevance for human brain remains unclear.
Finally, it remains unresolved how the performance in spatial navigation and pattern separation tasks, found to correlate with neurogenesis in rodents, relate to the complex phenotype of depression, where mood, anxiety, stress and sleep are dysregulated.
In conclusion, whereas neurogenesis is unlikely to explain major depression per se, it may contribute to behavioral and cognitive abnormalities in depression. 4 The low numbers of newborn cells and their quite low GR expression levels make their exact role in HPA feedback regulation difficult to grasp. Also, the existing adult hippocampal cells, and their GR levels, their inputs and/or projections are likely altered, as a result of either the valganciclovir (VGV) treatment or the stress exposure, a possibility that awaits further exploration. Effects on the mature granule cells could have a major impact on HPA activity. Hence, as attractive as the feedforward concept may seem, a stress-induced suppression of neurogenesis is most likely too reductionistic to fully explain a complex disorder as depression.
